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A ROLE FOR CHEMOKINES AND NGF IN PAIN GENERATION IN A
MURINE MODEL OF OSTEOARTHRITIS
R.E. Miller, P. Tran, N. Ghoreishi-Haack, R. Das, A-M. Malfait. Rush Univ.
Med. Ctr., Chicago, IL, USA
Purpose: Pain is the major symptom in osteoarthritis (OA), yet how
this pain develops remains unknown. We recently reported that
destabilization of the medial meniscus (DMM) provides a suitable mouse
model for studying pain development and progression at different stages
of OA. We found that, following DMM in the right knee, male C57BL/6
mice develop progressive mechanical allodynia in the ipsilateral hindpaw,
as early as 2 weeks and progressing over 8 weeks post DMM (but
not sham) surgery. Additionally, total distance traveled over a speciﬁed
period was relatively constant over the ﬁrst 8 weeks, but decreased from
12 to 16 weeks after surgery. The current goal was to identify molecular
pathways in the knee joint and its innervating nociceptive system that
correlate with these different stages of disease.
Methods: DMM or sham surgery was performed in the right knee
of 10-week old male C57BL/6 mice. At 8 and 16 weeks post
surgery, histopathology of the knees was evaluated according to OARSI
recommendations. Additionally, at 4 and 8 weeks after surgery, whole
knee joints were collected for protein extraction and ELISA. At 4, 8,
or 16 weeks post surgery, innervating dorsal root ganglia (DRG), L3-
L5, from DMM or sham-operated mice and age-matched naïve mice
were collected for protein extraction for ELISA or for mRNA extraction
for quantitative RT-PCR of nerve growth factor (NGF), monocyte
chemoattractant protein (MCP)-1 and its receptor CCR2, and stromal
cell-derived factor (SDF)-1. Finally, at 8 weeks post surgery, the response
of DRG neurons to chemokines was recorded though intracellular Ca2+-
imaging, following standard protocols. In brief, DRG neurons were acutely
isolated, plated on coverslips, cultured for 3–4 days, and loaded with a
calcium indicator dye. The number of cells responding to chemokines
was counted.
Results: Following DMM (but not sham) surgery, C57BL/6 mice developed
cartilage degeneration and osteophyte formation by 8 weeks in the
ipsilateral knee only, with progressive cartilage deterioration occurring
up to 16 weeks. At 4 weeks post DMM, protein levels of MCP-1 and NGF
were elevated in total joint extracts from the operated knee compared
to naïve age-matched controls (p = 0.025 and p=0.099, respectively); by
8 weeks post DMM, levels of both proteins had returned to baseline.
mRNA levels of NGF, MCP-1, CCR2, and SDF-1 in the innervating DRGwere
upregulated compared to naïve and sham age-matched controls, peaking
at 8 weeks post surgery. Protein levels of NGF were also increased in
DRG at 8 weeks post surgery (p = 0.03), while MCP-1 protein was below
the detection limit at all time points.
Exposing isolated DRG neurons from DMM mice at 8 weeks post surgery
to MCP-1 or to SDF-1 (200 or 500ng/mL, respectively) resulted in an
increased intracellular calcium response compared to naïve age-matched
controls, indicating an upregulation of their respective receptors, CCR2
and CXCR4, on these cells.
Conclusions: In this study, gene and protein expression in the knee joint
and innervating DRG of DMM mice reveal temporal changes in NGF,
SDF-1 and MCP-1 during the development of painful OA. In addition,
Ca-imaging studies suggest a functional role for the chemokines MCP-1
and SDF-1 in pain generation in this model. NGF is known to play a
role in sensitization of the nervous system in inﬂammation-associated
pain; recent research has shown that the chemokines MCP-1 and SDF-1
contribute to the development of chronic pain in neuropathic pain
models. Therefore, this work supports burgeoning clinical evidence
that OA-related pain may include aspects of both inﬂammatory and
neuropathic pain.
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QUADRICEPS WEAKNESS PREDICTS WORSENING OF KNEE PAIN
AND FUNCTION IN THE MOST COHORT: A LONGITUDINAL STUDY
N. Segal1, N.A. Glass1, J. Torner1, K. Wang2, D.T. Felson2, M. Nevitt3,
C.E. Lewis4. 1Univ. of Iowa, Iowa City, IA, USA; 2Boston Univ., Boston, MA,
USA; 3Univ. of California at San Francisco, San Francisco, CA, USA; 4Univ. of
Alabama at Birmingham, Birmingham, AL, USA
Purpose: To inform interventions to maximize physical function in older
adults at elevated risk for knee osteoarthritis (OA) or who have knee OA,
through determining whether quadriceps weakness is associated with
an elevated odds of worsening of knee pain and functional limitations.
Methods: The MOST Study is a longitudinal study of 50–79 year old men
and women with knee OA or known risk factors for knee OA (e.g. BMI
greater than or equal to 25 kg/m2, or history of knee pain, surgery or
injury).
Baseline measures included isokinetic concentric quadriceps strength,
height and weight, physical activity, and the WOMAC questionnaire.
Worsening of pain and physical function between baseline and 30-
month follow-up was deﬁned as the minimum detectable change at
the 90% conﬁdence level (MDC90) using a modiﬁcation of the formula
utilized by Wyrwich to estimate of the minimum change in subscale
score which would denote an important difference. This was selected
for evaluating meaningful changes in WOMAC scores because small
differences in mean scores might be statistically signiﬁcant simply due
to large sample sizes that may not necessarily translate to meaningful
change. Pain analyses were knee-based and controlled for covariance
between knees while physical function analyses were person-based.
Analyses used generalized estimating equations (GEE) stratiﬁed by sex
to assess relationships between baseline strength and worsening of knee
pain or function, controlling for age, BMI, history of knee injury and/or
surgery, and Physical Activity Scale for the Elderly score.
Results: Analyses of worsening knee pain included 4525 knees,
while analyses of worsening function included 2175 participants
(59.8% women). Neither men nor women with low compared with high
strength were at increased risk for worsening pain or worsening physical
function 30 months later (see tables).
The association between baseline quadriceps strength and worsening of
WOMAC pain score








Men 570 (5.8) High (Referent)
570 (5.8) Middle 0.99 (0.61–1.62) 0.9690
560 (8.2) Low 1.37 (0.82–2.28) 0.2332
Women 907 (6.2) High (Referent)
906 (8.2) Middle 1.29 (0.88–1.89) 0.1887
892 (8.1) Low 1.12 (0.74–1.70) 0.5768
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